We have studied 135 patients with the pre-excitation syndrome and have demonstrated evidence of multiple accessory pathways in 20 patients. Five patients had two distinct accessory atrioventricular (A-V) connections, associated with enhanced A-V node conduction in one patient. Twelve patients had a single accessory A-V connection associated with enhanced A-V conduction. In one of these there was an additional fasciculo-ventricular connection. One patient had an accessory A-V connection associated with a nodoventricular bundle. Two patients had fasciculo-ventricular connections combined with enhanced A-V conduction. The latter two patients had electrocardiograms suggestive of a complete accessory A-V connection.
SUMMARY
We have studied 135 patients with the pre-excitation syndrome and have demonstrated evidence of multiple accessory pathways in 20 patients. Five patients had two distinct accessory atrioventricular (A-V) connections, associated with enhanced A-V node conduction in one patient. Twelve patients had a single accessory A-V connection associated with enhanced A-V conduction. In one of these there was an additional fasciculo-ventricular connection. One patient had an accessory A-V connection associated with a nodoventricular bundle. Two patients had fasciculo-ventricular connections combined with enhanced A-V conduction. The latter two patients had electrocardiograms suggestive of a complete accessory A-V connection.
THE ADVENT OF SURGICAL TECHNIQUES to interrupt accessory pathways associated with the Wolff-Parkinson-White syndrome' has focused attention on the need for comprehensive preoperative electrophysiological evaluation. Methods are now available to localize the site of the accessory pathway and to implicate the participation of the pathway in observed tachyarrhythmias.6-10 In addition, it is possible to demonstrate the existence of multiple accessory pathways7 as well as the presence of accessory pathways with antegrade block and persistent retrograde conduction. 9 The purpose of this communication is to present electrophysiological data from a group of patients in whom multiple accessory pathways were found, with emphasis on the ways to identify their presence.
Methods
Between January, 1968, and March, 1976, 135 patients with the pre-excitation syndrome have been studied in the Clinical Electrophysiology Laboratory at Duke University Medical Center. Of these, 55 have undergone surgical intervention, eight have been managed with pacemakers, and 72 have been treated medically. Of the entire group of 135 patients, 20 have demonstrated evidence of multiple accessory pathways. The records of these patients form the basis of this study. All patients gave informed consent for these studies. Antiarrhythmic therapy was discontinued 48 hours prior to the first day of study. According to methods previ-Patients with enhanced A-V conduction had shorter cycle lengths during reciprocating tachycardia, primarily because of a short A-H during the dysrhythmia, than those without such conduction. In addition, patients with enhanced A-V conduction demonstrated more rapid conduction from atrium to His bundle during induced atrial fibrillation and two developed life-threatening ventricular responses during atrial fibrillation. A nodo-ventricular pathway was documented to participate in reciprocating tachycardia in one patient.
Surgery was undertaken in 13 patients. In 11, the intraoperative mapping studies confirmed the preoperative predictions. In two patients, the presence of a second accessory A-V connection was documented after ablation of one.
ously described5-7,9,10 pacing and refractory periods were performed from the right atrium (RA), left atrium (LA) (generally via the coronary sinus), right ventricle (RV) and in selected cases left ventricle (LV). Heparin, 100 units/kg, was administered after introduction of all catheters. Sequences of retrograde atrial activation were recorded during induced or spontaneous reciprocating tachycardia and during RV (and LV) pacing. Exploration of right atrial and septal activation during these sequences was accomplished by a special 7F mapping electrode catheter developed in our laboratory which consisted of a 7F luminal catheter9 with two electrodes mounted 2 mm apart at the tip, through which a blunt trochar could be introduced. The latter, fashioned after a Brockenbrough needle, allowed directional orientation within the RA.7 Using the landmark of the foramen ovale and taking into account the obli'que position of the tricuspid valve, we have evolved techniques to reproducibly record representative atrial sites near the level of the tricuspid valve. When any doubt existed as to the position of this catheter, contrast was injected through the catheter under fluoroscopic control.
Intracavitary electrograms were obtained by filtering out frequencies below 50 Hz and above I kHz. Simultaneous recordings of these electrograms and surface electrocardiographic leads were recorded on magnetic tape at a speed of 33/4 inches/sec. Refractory periods were determined using a stimulatort utilizing photoelectric isolation. Stimuli were delivered as pulses of 2 msec duration at twice diastolic threshold. A sensing circuit of the same stimulator allowed introduction of programmed premature beats into the RV or LV during reciprocating tachycardia. All stimulated events could be monitored on an oscilloscope triggered by the stimulator. Graphic records were also obtained on line by a Mingograf 800 8 channel ink jet recorder at a paper speed of 200 mm/sec. A 10 msec time code was generated with the data during all recording.
Thirteen of the 20 patients reported subsequently under-VOL 54, No 4, OCTOBER 1976 went operative intervention, at which time detailed antegrade and retrograde epicardial mapping was performed, again during reciprocating tachycardia and/or ventricular pacing."'1 Definitions A-H Interval. The interval from the rapid component of the low medial RA electrogram to the onset of the His bundle deflection, both electrograms recorded by the catheter positioned across the tricuspid valve.
H-V Interval. The interval from the onset of the His deflection to the earliest recording of ventricular activation, either on a surface electrocardiographic lead or intracardiac electrogram.
V-A Interval. The interval from the earliest recording of ventricular activation to the earliest rapid component of the bipolar atrial electrograms obtained by an electrode catheter positioned at one of several atrial sites.
Terminology of Accessory Pathways
It remains to be established that normal and abnormal functional behavior is always based on distinct anatomic substrates. For purposes of discussion, the following criteria were used to group our patients:
Enhanced A -V Node Conduction."16 An abnormality of conduction between the atrium and the His bundle was felt to be present if a) the A-H interval in sinus rhythm was less than or equal to 60 msec, the lower limit of normal'2; b) 1:1 conduction between atrium and His bundle was maintained at cycle lengths of RA pacing less than 300 msec"2; and c) the A-H interval did not lengthen more than 100 msec (over value in sinus rhythm) at the shortest cycle length associated with 1: 1 conduction.'2 Since atropine can permit rapid conduction in a normal A-V node, we have avoided the term "pathway" in this section to emphasize the possibility that this may represent a functional state without anatomic substrate (see Discussion).
Accessory Nodo-ventricular Bundle'7 and Fasciculo-ventricular Accessory Connection.'7 Both of these entities have been previously described as Mahaim fibers."' It appears desirable to subdivide these into two groups.
Accessory nodo-ventricular bundles take their origin from the A-V node and insert into ventricular myocardium. Electrophysiologically, one would expect to observe a short H-V interval (i.e., less than 30 msec) associated with, in all probability, an abnormal QRS. The QRS abnormality could, depending on the site of insertion, demonstrate bundle branch block or a delta wave.'9 Because the delay-producing area of the node is not necessarily bypassed, progressive conduction delay between the atrium and ventricle is observed with atrial pacing. However, since the accessory path arises proximal to the His bundle, the QRS normalizes with pacing of the His bundle or with His extrasystoles.9
In the case of fasciculo-ventricular accessory connections, the accessory fibers connect the ventricular specialized tissue (bundle of His, bundle branches) to ventricular myocardium. Again, delay proximal to the His bundle is observed with atrial pacing, and an abbreviated H-V interval with abnormal QRS complex is expected. In contrast to nodo-ventricular bundles, His bundle pacing or His extrasystoles fail to normalize the QRS. Both nodo-ventricular and fasciculo-ventricular connections fail to demonstrate exaggeration of the anomalous QRS pattern with atrial pacing.
Accessory Atrioventricular Muscle Bundle.'7 Formerly described as "Kent" bundles, these bundles originate and insert into working myocardium. They may be free-wall (parietal) or septal in location. Since a complete A-V bypass accompanies this anomaly, the His deflection can generally be displaced into the ventricular electrogram, resulting in further slurring of initial forces (delta wave) and widening of the QRS. With His pacing or His extrasystoles, the QRS normalizes. The QRS also normalizes when reciprocating tachycardia occurs which utilizes the accessory path for retrograde conduction.
Results Table 1 demonstrates the type and location of all accessory connections in the 20 patients with evidence of multiple abnormalities of A-V conduction. Five patients (1-5) had two distinct accessory A-V connections, associated with enhanced A-V node conduction in one patient (1) .
Twelve patients (6-17) had a single accessory A-V connection associated with enhanced A-V conduction (table 2) . In one of these (6) there was an additional fasciculo-ventricular connection. One patient (18) had an accessory A-V bundle associated with a nodo-ventricular bundle and has been reported in detail elsewhere.9 Finally, two patients (19, 20) had fasciculo-ventricular connections, combined with enhanced A-V conduction.
Electrophysiology of Enhanced A-V Node Conduction
The pertinent electrophysiological data from the patients demonstrating enhanced A-V conduction are shown in tables 2 and 3. Table 2 details the properties of conduction during sinus rhythm, atrial pacing, and reciprocating tachycardia in patients with enhanced A-V conduction. The A-H interval ranged from 20-60 msec (mean = 36). All patients demonstrated 1:1 conduction from atrium to the His bundle at a cycle length with right atrial pacing of less than or equal to 290 msec. (In cases where the His deflection was obscured by the ventricular electrogram, conduction was listed as present up to the cycle length at which the His deflection could last be identified.) The degree of A-H prolongation prior to development of Wenckebach varied from 0-105 msec.
During the usual type of reciprocating tachycardia associated with the pre-excitation syndrome, the A-V node-His system forms the antegrade loop of the re-entry circuit with the return loop constituted by conduction from the ventricle retrograde over the accessory pathway to the atrium. One would expect that the additional presence of enhanced A-V conduction would support a shorter cycle length of tachycardia. The mean cycle length of tachycardia was shorter in patients with enhanced A-V conduction (276 ± 25 msec, range 225-315, 10 patients) than in patients without enhanced A-V conduction (339 msec, range 260490, 29 patients). This was due primarily to the shorter A-H during tachycardia (mean 72 ± 23 msec, range 40-125 with enhanced A-V conduction; mean 157 ± 34 msec, range 100-235 without enhanced A-V conduction). All values expressed in milliseconds. Abbreviations: ERP = effective refractory period; FRP = functional refractory period; anom R-R interval calculated from 2 consecutive pre-excited beats; NL = R-R interval calculated from 2 consecutive normal beats; AF = atrial fibrillation; CL-cycle length; atr -atrium, A-V = atrioventricular; ERP, FRP = effective and functional refractory periods; RA = right atrium; CS = coronary sinus; AP = accessory pathway; NM = not measurable.
possible because of antegrade block of the accessory A-V pathway in two patients (7, 9) , fasciculo-ventricular connections as the cause of pre-excitation in three patients (6, 19, 20) , a long antegrade refractory period of the accessory A-V pathway in four patients (12, 14, 15, 17) and as a result of successful surgical division of the accessory A-V pathway in three patients (6, 10, 14) .
In the ten patients with enhanced A-V conduction in whom observations of A-V node conduction during atrial fibrillation could be made, the mean and shortest R-R intervals of beats conducting via the His bundle were less (mean R-R: 338 ± 37 msec, shortest R-R: 252 ± 35 msec) than in patients without enhanced A-V conduction (mean R-R: 401 ± 62 msec; shortest R-R: 291 + 36 msec, 9 patients). Thus, despite the observed behavior of "enhanced conduction," most of this group experienced only moderately fast 
.....
ventricular responses during atrial fibrillation, suggesting that concealed conduction was occurring in the junctional area. Two patients (7, 20) demonstrated very short R-R intervals. The shortest R-R intervals were found in patient 20, who had frequent runs of ventricular responses with R-R intervals of 205 msec. Of interest is the fact that he had presented for evaluation of ventricular fibrillation, and had shown no prolongation of the A-H interval despite pacing cycle lengths as short as 220 msec. The presence of complete bypass of the A-V node is strongly suggested in his case.
The observed tendency of most of our patients to manifest pre-excitation during atrial fibrillation was a function of the shorter antegrade refractory periods present in our referral population. The presence of a fasciculo-ventricular pathway with a short refractory period will of course cause The first case is that of a 15-year-old boy (1) who presented with recurrent paroxysmal atrial tachycardia (PAT) and documented ventricular fibrillation. The ECG in sinus rhythm is shown in figure 1 , panel A, and demonstrates a short P-R interval and wide QRS complex with a small initial negative delta wave in lead aVL, and a positive delta and was accompanied by chest pain and hypotension but terminated spontaneously.
Pacing was then performed from the left ventricle (via coronary sinus) and the right ventricle (apex) ( fig. 6, panel  A) . During LV pacing, there was 1:1 V-A conduction at cycle lengths of 650-240 msec, associated with a relatively short constant V-A interval and an activation sequence indicating spread from lateral left atrium to right atrium, comparable to the findings observed during tachycardia.
The RV was paced at cycle lengths from 650-300 and was associated with 1: 1 V-A conduction with constant VA intervals. The retrograde atrial activation sequences revealed almost synchronous depolarization of the right and left atria. An attempt was therefore made to dissociate the retrograde pathways. In figure 6 , panel B, the right ventricle was paced at a cycle length of 390 msec. Following eight basic drive beats, a premature beat was introduced at a coupling interval of 235 msec. The lateral left atrium and lateral right atrium were activated at essentially the same V-A interval; however, activation of the low medial RA was delayed relative to the lateral RA and LA, suggesting that atrial fusion was present during the drive beats. This might have resulted secondary to activation of the lateral RA by the right-sided pathway, activation of the lateral LA by the left-sided pathway, and activation of the medial atrial septum by the A-V node. It should be noted that the latter had demonstrated apparent enhanced conduction during antegrade studies. With the premature beat, delay presumably occurred in the A-V node delaying activation of the medial RA. An alterna- (1) node-His system was examined.! These studies demonstrated that the A-V node was somewhat more anteriorly situated than normal. Patchy fibrotic changes were present in the input area of the node corresponding to the anterior and middle nodal tracts. A well developed muscular bundle corresponding to a posterior internodal tract inserted into the posterior aspect of the A-V node at the crest and the lower margin of the A-V node near its junction with the His bundle. There was no direct communication between this tract and the His bundle. Also of note was the extensive hemorrhagic damage in the Eustacian ridge. This presumably resulted from placement of the coronary sinus suction and may account for the absence of a short P-R interval postoperatively. figure 8 , panel A, a positive delta wave was noted in leads II, III, aVF and V1 ,. The delta wave was negative in aVL. This configuration is suggestive of a left lateral site of pre-excitation.5'6 However, the delta wave was noted to be positive in lead I, in contrast to the negative delta wave expected in this lead with left lateral pre-excitation. Left atrial pacing was therefore performed via the coronary sinus as shown in figure 8 , panel B, to accentuate pre-excitation. The delta wave became less apparent in the limb leads but was accentuated in lead V1 ,.
Reciprocating tachycardia was induced during which earliest retrograde atrial activation ( fig. 9, panel A) Figure 11 demonstrates the postoperative electrocardiogram during coronary sinus pacing at the same cycle length as preoperative pacing. The delta wave was now noted to be positive in lead I, II, III, and aVF as well as in V3-6 and was isoelectric rather than upright in lead V,. This pattern of pre-excitation presumably explains the positivity of the delta in lead I in the preoperative state.
We were again able to initiate reciprocating tachycardia ( fig. 12, panel A) . The retrograde atrial activation was initiated in the septal area and proceeded sequentially to the lateral right and left atria. The H-V interval was again noted to be borderline abnormally short at 25 msec. The complete sequence of retrograde atrial activation obtained by catheter technique is shown in figure 12B, The symmetrical sequence of retrograde activation initiated in the septum could not be distinguished from normal retrograde spread from the A-V node. Therefore, in the postoperative study, programmed premature ventricular beats were introduced during reciprocating tachycardia. Figure 13 When two accessory A-V connections are present in the same patient and one functions only in the retrograde direction, the elucidation of the presence of the second accessory pathway requires detailed study. If the accessory pathway which functions only retrogradely is located in the septum, the problem is further compounded since the activation sequence from this pathway will mimic the normal retrograde activation from the A-V node. Such a case is illustrated by the following patient, a 30-year-old woman (2) who presented with ventricular fibrillation. Her electrocardiogram in sinus rhythm demonstrated a negative delta in lead II, III, aVF and V, and a positive delta in lead I, aV, and V2 6. The degree of pre-excitation and the vector of the initial forces of pre-excitation did not vary with right atrial, septal, or left atrial pacing. The shortest stimulus -delta was noted to occur with pacing of the atrial septum. These findings were interpreted as being compatible with the presence of a single antegrade functioning septal accessory A-V pathway.
The studies of retrograde atrial activation sequences suggested the presence of more than one accessory pathway, however. Figure 14A demonstrates a recording ob- tained during reciprocating tachycardia with right bundle branch block aberration. Initially, retrograde atrial activation occurred earliest in the lateral right atrium with subsequent activation of the septal RA, followed by medial and lateral left atrium as recorded on the coronary sinus electrogram. Following the introduction of the premature ventricular beat, however, and without any change in the position of the recording catheters, a new sequence of retrograde atrial activation was observed with earliest activation occurring near the orifice of the coronary sinus (proximal CS).
We then attempted to validate the fact that both of these sequences of retrograde atrial activation were occurring independently of the normal A-V node -His-Purkinje system. Evidence of a retrograde functioning right lateral ventriculo-atrial accessory pathway was obtained as shown in figure 14B . During a stable episode of tachycardia associated with earliest activation on the lateral right atrium at a cycle length of 320 msec, a premature ventricular beat was introduced just after antegrade activation of the His bundle had occurred. Despite the fact that the preceding His-His cycle length remained undisturbed at 320 msec, the subsequent retrograde atrial cycle length was shortened to 265 msec. Since the premature ventricular beat was introduced at a time when the normal A-V node -His bundle was refractory, conduction over the latter could not account for the shortening of the retrograde atrial cycle length observed. Since the prematurely evoked atrial beat had an activation sequence identical to the preceding tachycardia (i.e., with earliest activation in the lateral right atrium), we interpreted MULTIPLE ACCESSORY PATHWAYS/Gallagher et al. EPI CARDIAL MAP -LV PACING CL 500 msec accessory pathway located in the RV free wall was being utilized.1020 However, the V-A during pacing was shorter than that during tachycardia using either the RV or the septal accessory pathway, making the former explanation more likely. It should be noted that figure 15 was selected because it showed the retrograde His deflection clearly displaced past the atrial electrogram. The ventricular premature beat V2 was introduced so early that intramyocardial delay prolonged retrograde activation of not only the His bundle, but, in a parallel fashion, the site of the accessory pathway (increased V2-A2 interval). Examination of this isolated beat does not confirm that the observed His deflection is retrograde. The latter was confirmed by observing a progressive increase in the V2-H interval as V2 was made more premature.7 In addition, the retrograde His potential was displaced out of the ventricular electrogram so that it occurred after atrial activation. This was interpreted as demonstrating that the "septal" sequence of atrial activation could also occur independently of the A-V node -His bundle.
Further observations during reciprocating tachycardia indicated that retrograde atrial activation could occur exclusively up the septal accessory pathway, up the right lateral accessory pathway, or, with different degrees of fusion, up both accessory pathways. Of interest was the fact that all episodes of atrial fibrillation resulted from a preexisting episode of reciprocating tachycardia.
We attempted to further validate the presence of two accessory pathways by a study of retrograde activation during ventricular pacing. The upper panel of figure 16 was obtained by catheter study prior to operation during right ventricular pacing at a cycle length of 500 msec. Two areas of early retrograde atrial activation were observed, one in the orifice of the coronary sinus and the other at the lateral right atrial border. FIGURE 15. Validation of the sequence of atrial activation utilizing the "septal" accessory pathway. The "septal" sequence ofatrial activation was validated during a retrograde refractory period. The right ventricle was paced at a basic cycle length of 400 msec. A premature beat was introduced at a coupling interval of250 msec.
The retrograde atrial activation sequence following this premature beat (S2) resulted in a sequence ofatrial activation identical to that observed during the tachycardia shown in panel A, figure 14 . This sequence of retrograde activation occurred independently of the A -V node-His bundle system since the retrograde His bundle deflection was displaced out ofthe ventricular electrogram to a point after atrial activation has already been completed.
VOL 54, No 4, OCTOBER 1976 At the time of surgery, the ventricle was again paced at a cycle length of 500 msec and atrial mapping performed as shown in figure 16 , lower panel. Again, all conduction times recorded were relatively longer, presumably due to the epicardial site of pacing used during the study. We interpreted the relatively synchronous activation of the right atrium from the region of the orifice of the coronary sinus all the way to the right lateral border as indicative of fusion over the two accessory pathways.
The anulus of the tricuspid valve was dissected from the orifice of the coronary sinus around posteriorly to the anterolateral portion of the ring. The retrograde atrial map was repeated and all intervals were unchanged with the exception of the posterior and lateral right atrium, which were delayed. We interpreted this as suggestive that the lateral accessory pathway had now been divided. The septal accessory pathway could not be divided and therefore the His bundle was divided and a pacemaker implanted. No tachycardia could be induced postoperatively. When enhanced A-V conduction is associated with a fasciulo-ventricular accessory connection, the combination can easily mimic an atrioventricular accessory connection. This situation is illustrated by a 61-year-old woman who presented with atrial flutter with a rapid ventricular response refractory to conventional medical therapy (19) . of atrial activation determined during pacing of the right ventricular apex at a cycle length of500 msec by catheter study. Below) Demonstration of the sequence of retrograde atrial activation determined by epicardial mapping during right ventricular epicardial pacing at a cycle length of 500 msec. After the tricuspid valve was incised in the area shown by the heavy dotted line, the activation study was repeated. All intervals were unchanged except in those areas in which anotherset of time intervals is indicated (in parentheses). figure 19 , and demonstrated a completely normal sequence of activation (i.e., symmetrical activation initiated in the septum and indistinguishable from the sequence observed in normal subjects7). These findings were interpreted as demonstrating the presence of enhanced A-V conduction combined with a fasciculo-ventricular accessory connection.
The patient underwent surgery for ablation of the His bundle at which time epicardial mapping was performed ( fig.  20) . Antegrade mapping during atrial flutter with 2:1 block demonstrated a pattern of ventricular activation indistinguishable from normal despite the presence of slurred initial forces and a short H-V interval. Following mapping and ablation of the His bundle, complete heart block was observed.
It is of interest that a normal sequence of retrograde atrial activation was also found in patient 20 who had presented with ventricular fibrillation resulting from rapid conduction through the junctional tissues. In addition, patients 6 and 10, on postoperative studies after division of an accessory A-V connection, were found to have a normal sequence of retrograde atrial activation, as was initially demonstrated by epicardial mapping. These findings suggest that if an abnormal accessory pathway is the cause of the abbreviated conduction through the node observed in these patients, this abnormal connection does not sufficiently disturb the sequence of atrial activation to permit its recognition by catheter recording of the activation sequence alone. The sequence of activation demonstrated earliest activation in the atrial septum adjacent to the His bundle followed closely by activation of the orifice of the coronary sinus. This pattern is identical to that observed in 15 normal subjects. There was no difference in the age, sex, or sites of accessory A-V pathways in patients with multiple vs single accessory pathways. When the sites of anomalous connections in a group of 12 patients with accessory A-V pathway plus enhanced A-V conduction were compared, the accessory A-V pathway was situated in the left ventricle in nine, the septum in two, and the right ventricle in one. We have no ready explanation of the apparent higher incidence of left-sided accessory A-V pathways in patients with enhanced A-V conduction.
There have been 15 cases of documented spontaneous ventricular fibrillation related to rapid antegrade conduction over an accessory A-V pathway during atrial fibrillation in our series to date, and in six of these 15, there was more than one accessory A-V pathway. As noted above, patients with enhanced A-V conduction associated with an accessory A-V pathway tended to have reciprocating tachycardias with shorter cycle lengths. The presence of enhanced A-V conduction could not be readily related to the mechanism of initiating or sustaining tachyarrhythmias, with perhaps some exceptions. Normally, when a premature atrial beat blocks in an accessory A-V pathway, reciprocating tachycardia will ensue if sufficient A-V nodal delay is encountered during antegrade conduction to allow recovery of atrial excitability prior to the arrival of the retrograde re-entrant impulse over the accessory pathway to the atrium. The presence of enhanced A-V conduction makes this delay difficult to achieve; hence it has been technically more difficult to induce reciprocating tachycardia in the laboratory in these patients. The clinical incidence of arrhythmia does not seem different from those with no evidence of enhanced A-V conduction, however.
Two patients (7, 9) with accessory pathways only active retrogradely and enhanced A-V conduction presented with short P-R intervals and tachycardia (Lown-Ganong-Levine syndrome). This raises the question of whether in fact silent retrograde accessory pathways may be the underlying mechanism of dysrhythmia in some patients with this syndrome. Participation of the fasciculo-ventricular tract in the mechanism sustaining tachycardia was strongly suggested in a patient we have previously reported elsewhere.9
In the group reported here, the presence of a life-threatening ventricular response was directly related to enhanced A-V conduction in two patients (19, 20) . In both of these patients, no reciprocating tachycardia could be induced.
Recognition of enhanced A-V conduction, fasciculo-ventricular and nodo-ventricular pathways is important to permit distinction from more commonly recognized accessory A-V pathways. In addition, patients with enhanced A-V conduction may have rapid ventricular responses during atrial fibrillation.
Comparison of Preoperative and Intraoperative Studies
Of the 13 patients reported here who underwent surgical interventions, the intraoperative mapping studies were confirmatory in 11. In patient 4, intraoperative mapping following division of a left-sided accessory A-V pathway revealed the presence of an additional septal accessory A-V pathway, previously unsuspected. He had been studied before the catheter technique for mapping the septum during preoperative study, which might have indicated the presence of a second pathway, had been developed. Patient 5 was found to have a free wall accessory A-V pathway on the anterior mitral valve anulus in addition to the accessory A-V pathway suspected to be present laterally. The short length of the coronary sinus in this patient prevented preoperative catheter mapping of the anterior left atrium during retrograde conduction.
It is worthwhile to note that we have had to make intraoperative incisions based solely on preoperative catheter studies in cases in which pre-excitation could not be elicited intraoperatively, possibly due to trauma to the accessory pathway during preparation for mapping.
Discussion
The possibility that multiple accessory pathways may exist in the same patient has been suggested by a number of histological studies23-28 as well as by clinical electrocardiographic and electrophysiologic studies.29"33 Unfortunately, anatomic and functional states are not usually correlated.
It must be constantly re-emphasized that alteration in functional behavior is not necessarily accompanied by a distinctive anatomic substrate. This is particularly true in patients exhibiting enhanced conduction in their A-V node. Atrial tracts which skirt the A-V node and approach the tricuspid valve are present in all normal hearts.34-36 These generally penetrate the lowest part of the atrioventricular node and as such constitute a partial bypass of the A-V node. In contrast, fibers running from the atrium to the bundle of His completely bypassing the A-V node are rare. 35 The presence of multiple accessory pathways in a total of 13 patients undergoing surgery at our institution for preexcitation suggests the need for extensive preoperative electrophysiologic evaluation, especially since five of these patients had more than one accessory atrioventricular connection. To be comprehensive, this evaluation necessitates observations during pacing and performance of refractory period studies from the right atrium, the left atrium, and the right ventricle. In selected cases, left ventricular pacing may be indicated to detect the presence of retrograde functioning left-sided accessory pathways when the left ventricle has not been otherwise implicated by other studies. 38 All data should be internally consistent and any deviation should be viewed with concern and raise the possibility of additional accessory pathways. Such findings might include a) a persistently short A-H interval or short H-V interval during reciprocating tachycardia, b) a change in the surface configuration of pre-excitation elicited by pacing at faster rates or by altering the site of pacing (other than changes due to the effect of this pacing on the contribution to ventricular activation by the normal A-V node-His system), c) varying sequences of retrograde atrial activation during reciprocating tachycardia or ventricular pacing. When an atrial activation sequence is observed which is initiated in the septum, additional steps must be taken to validate whether this septal activation sequence is due to the normal A-V node-His system or an additional septal pathway.722
The need for a clear delineation of the site or sites of all accessory pathways present is particularly apparent in the patient undergoing surgery. The danger of unduly prolonging the duration of anesthesia or cardiopulmonary bypass makes extensive intraoperative mapping studies undesirable. Furthermore, most of the arrhythmias encountered in the pre-excitation syndromes can be more methodically and safely studied preoperatively by catheter study because of the more favorable hemodynamic responses observed in the absence of anesthesia. VOL 54, No 4, OCTOBER 1976 
